
Europaisches  Pa ten tamt  

European  Patent  Office  0   Publication  number:  0  0 4 6   8 1 5  

Office  europeen  des  brevets  A 1  

©   EUROPEAN  PATENT  APPLICATION 

©   Application  number:  80105143.4  ©IntCl.3:  D  01  D  5 /08  
~   D  01  F  6/62,  D  01  D  5 / 1 6  
(22)  Date  of  filing:  23.08.80 

©  Date  of  publication  of  application:  ©Applicant:  ALLIED  CHEMICAL  CORPORATION 
10.03.82  Bulletin  82/10  Columbia  Road  and  Park  Avenue  P.O.  Box2245R  (Law 

Dept.) 
©   Designated  Contracting  States:  Morristown  New  Jersey  07960IUS) 

DE  FR  GB  IT 
©  Inventor:  Hamlyn,  Maxwell  Charles 

105  Bruce  Drive 
Cary  North  Carolina  2751KUS) 

©  Representative:  Collier,  Jeremy  Austin  Grey  et  al, 
J-A.Kemp  &  Co.  14,  South  Square  Gray's  Inn 
London  WC1R5EU(GB) 

©  Continuous  spin-draw  polyester  process. 

A  low  shrinkage,  dimensionally  stable,  polyester  indust- 
rial  fiber  is  produced  by  a  process  which  involves  conditions 
of  continuously  spinning  and  drawing  filaments  wherein  the 
filaments  are  passed  through  a  steam  impinging  draw  point 
localizing  jet  (25)  at  a  temperature  of  about  460°C.  to  580°C. 
to  thereby  heat  the  filaments  substantially  immediately 
above  their  second  order  transition  temperature.  The  low 
shrinkage  polyester  fibers  are  particularly  useful  in  the 
preparation  of  industrial  products,  including  industrial  belts, 
conveyor  belts,  and  reinforced  elastomeric  structures. 



CONTINUOUS  SPIN-DRAW  POLYESTER  PROCESS 

T h i s   i n v e n t i o n   r e l a t e s   to  the   s i m u l t a n e o u s  

( c o u p l e d )   s p i n - d r a w i n g   of  c o n t i n u o u s   f i l a m e n t   s y n t h e t i c  

f i b e r s   f r o m   i n d u s t r i a l   p o l y e s t e r   p o l y m e r .   More  p a r t i c -  

u l a r l y ,   i t   r e l a t e s   to  an  i m p r o v e d   p r o c e s s   f o r   t he   p r o -  
d u c t i o n   of  low  s h r i n k a g e ,   c o n t i n u o u s   p o l y e s t e r   f i b e r s  

w h i c h   a r e   p a r t i c u l a r l y   u s e f u l   in  t he   p r e p a r a t i o n   o f  

i n d u s t r i a l   p r o d u c t s ,   i n c l u d i n g   i n d u s t r i a l   b e l t s ,   c o n -  

v e y o r   b e l t s ,   and  r e i n f o r c e d   e l a s t o m e r i c   s t r u c t u r e s .  

S t i l l   more  p a r t i c u l a r l y ,   i t   r e l a t e s   to  a  c o n t i n u o u s  

p r o c e s s   f o r   the   p r o d u c t i o n   of  low  s h r i n k a g e   c o n t i n u o u s  

p o l y e s t e r   f i b e r s   by  m e l t - s p i n n i n g   the   p o l y m e r   f o l l o w e d  

i m m e d i a t e l y   by  d r a w i n g   the   spun   f i b e r s   w h e r e i n   t he   s p u n  
f i b e r s   a r e   h e a t e d   s u b s t a n t i a l l y   i m m e d i a t e l y   a b o v e   t h e i r  

s e c o n d   o r d e r   t r a n s i t i o n .  t e m p e r a t u r e   by  b e i n g   p a s s e d  

t h r o u g h   a  s t e a m   i m p i n g i n g   draw  p o i n t   l o c a l i z i n g   j e t   a t  

a  s t e a m   t e m p e r a t u r e   of  460°C  to  580°C.   Ya rn   t h e r m a l  

s h r i n k a g e   is   r e d u c e d   and  y a r n   d i m e n s i o n a l   s t a b i l i t y  

i m p r o v e d   w i t h   no  a d v e r s e   y a r n   p r o p e r t y   c h a n g e s   s u c h   a s  

l o w e r   s t r e n g t h   or  h i g h e r   e l o n g a t i o n   a t   b r e a k .  

DESCRIPTION  OF  THE  PRIOR  ART 

T h e r e   a r e   s e v e r a l   p r i o r   a r t   p r o c e s s e s   f o r  

r e d u c i n g   t h e r m a l   s h r i n k a g e  o f   p o l y e s t e r   y a r n s ;   h o w e v e r ,  

t h i s   r e d u c t i o n   in  p o l y e s t e r   y a r n   t h e r m a l   s h r i n k a g e  .  

n o r m a l l y   can   be  a c h i e v e d   o n l y   by  s a c r i f i c i n g   s t r e n g t h  

o r   m e c h a n i c a l   q u a l i t y ,   i n c r e a s i n g   u l t i m a t e   e l o n g a t i o n  

or   e l o n g a t i o n   a t   b r e a k ,   or   by  t h e  e x p e n s i v e   a l t e r n a -  



t i v e   of  a  s e p a r a t e   o p e r a t i o n   f o l l o w i n g   d r a w i n g ,   s u c h  

as  a n n e a l i n g   or  some  o t h e r   f o r m   of  h e a t   t r e a t m e n t .   I t  

i s   t h e r e f o r e   d e s i r a b l e   to   h a v e   a  c o n t i n u o u s   p r o c e s s  
w h i c h   r e d u c e s   y a r n   s h r i n k a g e   w i t h o u t   any  of   t h e   a f o r e -  

m e n t i o n e d   d i s a d v a n t a g e s .   In  t h i s   r e g a r d ,   s e v e r a l   p r o -  

c e s s e s   a r e   known  w h i c h   i n v o l v e   c o n d i t i o n s   of  c o n t i n u o u s -  

ly   s p i n n i n g   and  d r a w i n g   f i l a m e n t s .  

SUMMARY  OF  THE  I N V E N T I O N  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d  

p r o c e s s   f o r   the   s i m u l t a n e o u s   s p i n - d r a w i n g   o f  o n e   or   m o r e  

e n d s   of  m u l t i f i l a m e n t ,   c o n t i n u o u s   f i l a m e n t ,   s y n t h e t i c  

p o l y e s t e r   i n d u s t r i a l   f i b e r   w h e r e i n   t he   i m p r o v e m e n t   c o m -  

p r i s e s   l o c a l i z i n g   t h e   draw  p o i n t   of  t h e   f i b e r   t h r o u g h  

use   of  a  n o n c o n d e n s i n g   s t e a m   j e t   a t   a  s t e a m   t e m p e r a t u r e  

of   a b o u t   4 6 0 ° C .   to  5 8 0 ° C .   so  t h a t   a  r e d u c e d   s h r i n k a g e  

i n d u s t r i a l   f i b e r   is   p r o d u c e d .  

The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to  a n  

i m p r o v e d   p r o c e s s   f o r   the   s i m u l t a n e o u s   s p i n - d r a w i n g   o f  

one  or   more   ends   of  s y n t h e t i c   f i b e r s   f r o m   an  i n d u s t r i a l  

p o l y e s t e r   p o l y m e r   w h e r e b y   a  r e d u c e d   s h r i n k a g e   i n d u s t r i a l  

f i b e r   is   p r o d u c e d .   The  p r o c e s s ,   w h i c h   i n c l u d e s   t h e  

s t e p s   of  s u p p l y i n g   a  m e l t   of  t he   p o l y m e r   to  a  s p i n n i n g  

u n i t ,   e x t r u d i n g   t he   m o l t e n   p o l y m e r   t h r o u g h   a  s p i n n e r e t t e  

h a v i n g   a  p l u r a l i t y   of  e x t r u s i o n   o r i f i c e s   i n t o   a  g a s e o u s  

m e d i u m ,   c o o l i n g   t he   e x t r u d e d   p o l y m e r   f i l a m e n t s ,   l u b r i -  

c a t i n g   t h e   f i l a m e n t s ,   h e a t i n g   t h e   f i l a m e n t s   s u b s t a n t i a l -  

ly   i m m e d i a t e l y   a b o v e   t h e i r   s e c o n d   o r d e r   t r a n s i t i o n -  

t e m p e r a t u r e ,   d r a w i n g   and  t h e n   w i n d i n g   u p ' t h e   f i l a m e n t s ,  

i s   i m p r o v e d   by  p a s s i n g   the   f i l a m e n t s   t h r o u g h   a  s t e a m  

i m p i n g i n g   draw  p o i n t   l o c a l i z i n g   j e t   a t   a  t e m p e r a t u r e   o f  

a b o u t   4 8 2 ° C .   to  5 8 0 ° C .   to  t h e r e b y   h e a t   t h e   f i l a m e n t s  

s u b s t a n t i a l l y   i m m e d i a t e l y   a b o v e   t h e i r   s e c o n d   o r d e r  

t r a n s i t i o n   t e m p e r a t u r e .   The  p e r c e n t   t h e r m a l   s h r i n k   i s  

r e d u c e d   w i t h o u t   s i g n i f i c a n t   e f f e c t   on  o t h e r   y a r n   p r o p e r -  

t i e s .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   r e l a t e s   to  a  

p r o c e s s   f o r   the   s i m u l t a n e o u s   s p i n - d r a w i n g   of  one  o r   m o r e  

e n d s   of  m u l t i f i l a m e n t ,   c o n t i n u o u s   f i l a m e n t ,   s y n t h e t i c  



p o l y e s t e r   i n d u s t r i a l   f i b e r .   T h i s   p r o c e s s ,   in  a d d i t i o n  

to   r e d u c i n g   p e r c e n t   t h e r m a l   s h r i n k ,   p r o d u c e s   a  d i m e n -  

s i o n a l l y   s t a b l e   p o l y e s t e r   i n d u s t r i a l   f i b e r .   The  p r o c e s s .  

c o m p r i s e s   t h e   s t e p s   o f :  

(a)   s u p p l y i n g   a  m e l t   of  p o l y e s t e r   p o l y m e r   t o  

a  s p i n n i n g   u n i t ;  

(b)  e x t r u d i n g   the   m e l t   t h r o u g h   a  s p i n n e r e t t e  

h a v i n g   a  p l u r a l i t y   of  e x t r u s i o n   o r i f i c e s   t o   form  f i l a -  

m e n t s ;  

(c)   a d v a n c i n g   the   e x t r u d e d   f i l a m e n t s   t h r o u g h  

a  s u b s t a n t i a l l y   s t a t i o n a r y   c o l u m n   of  a i r   c o n t a i n e d   in  a  

h e a t e d   s l e e v e   h a v i n g   a  t e m p e r a t u r e   of  a b o u t   200°C .   t o  

3 5 0 ° C . ;  

(d)  a d v a n c i n g   the   f i l a m e n t s   t h r o u g h   a  q u e n c h -  

i n g   z o n e ;  
(e)   l u b r i c a t i n g   t he   f i l a m e n t s ;  

( f )   p a s s i n g   the   l u b r i c a t e d   f i l a m e n t s   o v e r   a  

f o r w a r d i n g   r o l l   s y s t e m   m a i n t a i n e d   a t   a  t e m p e r a t u r e   o f  

l e s s   t h a n   5 0 ° C . . ;  

(g)  s u b s e q u e n t l y   p a s s i n g   the   f i l a m e n t s .  

t h r o u g h   a  s t e a m   i m p i n g i n g   d raw  p o i n t   l o c a l i z i n g   j e t   a t  

a  s t e a m   t e m p e r a t u r e   of  a b o u t   4 8 2 ° C .   to  5 8 0 ° C .   to  h e a t  

t h e   f i l a m e n t s   s u b s t a n t i a l l y   i m m e d i a t e l y   a b o v e   t h e i r  

s e c o n d   o r d e r   t r a n s i t i o n   t e m p e r a t u r e ;  

( h )   p a s s i n g   the   f i l a m e n t s   o v e r   a  p a i r   of  d r a w  

r o l l s   w h e r e i n   a t   l e a s t   one  of  t he   draw  r o l l s   is  m a i n -  

t a i n e d   a t   a  t e m p e r a t u r e   of  b e t w e e n   a b o u t   1 9 0 ° C .   a n d  

2 3 7 ° C . ;  

( i )   p a s s i n g   the   f i l a m e n t s   o v e r   a  r e l a x   r o l l  

s y s t e m   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t   60°C.   t o  

1 3 5 ° C . ,   y a r n   t e n s i o n   to  the   r e l a x   r o l l   s y s t e m   b e i n g  

m a i n t a i n e d   a t   a b o u t   0 .4   to  2 .0   g r ams   p e r   d e n i e r ;   a n d  

( j )   w i n d i n g   up  the   f i l a m e n t s   a t   a  t e n s i o n .  

o f   f rom  a b o u t   0 . 0 6   to  0 .6   g ram  p e r   d e n i e r .  

I t   is  p r e f e r r e d   t h a t   the   m e l t   h ave   an  i n t r i n -  

s i c   v i s c o s i t y   of  a b o u t   0 . 6 8   to   0 . 9 6 ,   m o s t   p r e f e r a b l y  
o f   a b o u t   0 . 6 8   to  0 . 7 8   and  t h a t   i t   be  s u p p l i e d   a t   a  t e m -  

p e r a t u r e   of  a b o u t   2 7 2 ° C .   to  3 1 0 ° C .   I t   i s   a l s o   p r e -  



f e r r e d   t h a t   t he   s t e a m   t e m p e r a t u r e   f o r   l o c a l i z i n g   t h e  

draw  p o i n t   of  t he   f i b e r   be  a b o u t . 5 1 0 o C .   to   5 8 0 ° C .  

T h r o u g h o u t   t he   p r e s e n t   s p e c i f i c a t i o n   a n d  

c l a i m s ,   t h e   i n t r i n s i c   v i s c o s i t y   of  t he   p o l y e s t e r   m e l t  

is   g i v e n   as   a  m e a s u r e   f o r   t he   mean  m o l e c u l a r   w e i g h t ,  

w h i c h   i s   d e t e r m i n e d   by  s t a n d a r d   p r o c e d u r e s   w h e r e i n   t h e  

c o n c e n t r a t i o n   of  t h e   m e a s u r i n g   s o l u t i o n   a m o u n t s   t o  

0 . 5   g . / 1 0 0   mL,  t he   s o l v e n t   is   a  60  p e r c e n t   p h e n o l / 4 0  

p e r c e n t   t e t r a c h l o r o e t h a n e   m i x t u r e ,   and  t h e   m e a s u r i n g  

t e m p e r a t u r e   is   2 5 ° C .  

The  t e n a c i t y   or   b r e a k i n g   s t r e n g t h   in  g r a m s   p e r  

d e n i e r   (UTS)  i s   d e f i n e d   by  ASTM  S t a n d a r d s ,   P a r t   2 4 ,  

A m e r i c a n   S o c i e t y   f o r   T e s t i n g   and  M a t e r i a l s ,   1916  R a c e  

S t r e e t ,   P h i l a d e l p h i a ,   P e n n s y l v a n i a ,   p age   33  ( 1 9 6 5 ) ,   a s  

" t h e   maximum  r e s u l t a n t   i n t e r n a l   f o r c e   t h a t   r e s i s t s  

r u p t u r e   in  a  t e n s i o n   t e s t , "   o r   " b r e a k i n g   l o a d   or  f o r c e ,  

e x p r e s s e d   in  u n i t s   of  w e i g h t   r e q u i r e d   to  b r e a k   o r  

r u p t u r e   a  s p e c i m e n   in  a  t e n s i l e   t e s t   made  a c c o r d i n g   t o  

s p e c i f i e d   s t a n d a r d   p r o c e d u r e s . "   By "%  U . E . "   is   m e a n t  

e l o n g a t i o n   a t   b r e a k   in  p e r c e n t .  
The  t e r m   s h r i n k a g e   is   d e f i n e d   as  " p e r c e n t  

d e c r e a s e   in  l e n g t h   of  a  m a t e r i a l   when  e x p o s e d   to  e l e -  

v a t e d   t e m p e r a t u r e s   f o r   a  s p e c i f i e d   p e r i o d   of  t i m e   a n d  

u n d e r   0 . 0 5   g . p . d .   t e n s i o n . "   In   t he   p r e s e n t   i n v e n t i o n  

t h e   p e r c e n t   t h e r m a l   s h r i n k a g e   (%  T . S . )   i s   m e a s u r e d  

b e t w e e n   two  m e t a l   p l a t e s   m a i n t a i n e d   a t   1 7 7 ° C .   f o r   a  

t i m e   p e r i o d   of  60  s e c o n d s .  

The  t e r m   " m o d u l u s "   in   g rams   p e r   d e n i e r ,   a l s o  

known  as  t e n s i l e   m o d u l u s   ( Y o u n g ' s   M o d u l u s ) ,   i s  

e x p r e s s e d   as  the   r a t i o   of  c h a n g e   in  s t r e s s   to  c h a n g e   i n  

s t r a i n   in  t h e   i n i t i a l   s t r a i g h t - l i n e   p o r t i o n   of  t h e  

s t r e s s - s t r a i n   c u r v e   e x t r a p o l a t e d   to  100  p e r c e n t   e l o n g a -  

t i o n .  

The  t e r m   " t o u g h n e s s " ,   a l s o   known  as  t o u g h n e s s  

i n d e x ,   i s   d e f i n e d   ( a b o v e   r e f e r e n c e )   as  " t h e   a c t u a l   w o r k  

p e r   u n i t   v o l u m e   ( o r   p e r   u n i t   m a s s )   of  m a t e r i a l   w h i c h   i s  

r e q u i r e d   to   r u p t u r e   t he   m a t e r i a l .   I t   is   p r o p o r t i o n a l  

to  the   a r e a   u n d e r   t h e   l o a d - e l o n g a t i o n   c u r v e   f rom  t h e  



o r i g i n   to  t he   b r e a k i n g   p o i n t . "   The  t o u g h n e s s   i n d e x   i s  

r o u t i n e l y   m e a s u r e d   in  g r a m s   c e n t i m e t e r   p e r   d e n i e r   c e n t i -  

m e t e r .  

In  m e a s u r i n g   y a r n   q u a l i t y ,   t he   m e c h a n i c a l  

q u a l i t y   r a t i n g   is   made  by  v i s u a l   e x a m i n a t i o n   of  a  

s t a t i o n a r y   p a c k a g e   w h e r e i n   a  r a t i n g   of  1  to  3  t o  

a s s i g n e d   w i t h   1  b e i n g   e x c e l l e n t   and  3  b e i n g   s u b s t a n d a r d .  

A  s t r o b e   e x a m i n a t i o n   is  made  by  f l a s h i n g   a  s t r o b e  o n   a  

r o t a t i n g   p a c k a g e   w h e r e i n   t he   s t r o b e   f r e q u e n c y   is  i d e n t i -  

to   t h e   RPMs  of  t he   p a c k a g e   and  w h e r e i n   a  v i s u a l   r a t i n g  

of  1  to   4  i s   a s s i g n e d   w i t h   1  b e i n g   e x c e l l e n t   and  4 

b e i n g   u n a c c e p t a b l e .  

The  p r e f e r r e d   p o l y e s t e r s   a r e   t h e   l i n e a r   t e r e -  

p h t h a l a t e   p o l y e s t e r s ,   i . e . ,   p o l y e s t e r s   of  a  g l y c o l   c o n -  

t a i n i n g   f r o m   2  to   20  c a r b o n   a t oms   and  a  d i c a r b o x y l i c  

a c i d   c o m p o n e n t   c o n t a i n i n g   a t   l e a s t   a b o u t   75  p e r c e n t  

t e r e p h t h a l i c   a c i d .   The  r e m a i n d e r ,   i f   a n y ,   of   t h e  

d i c a r b o x y l i c   a c i d   c o m p o n e n t   may  be  any  s u i t a b l e   d i c a r b o x -  

y l i c   a c i d   s u c h   as  s e b a c i c   a c i d ,   a d i p i c   a c i d ,   i s o p h t h a l i c  

a c i d ,   s u l f o n y l - 4 , 4 ' - d i b e n z o i c   a c i d ,   o r   2 , 8 - d i - b e n z o -  

f u r a n - d i c a r b o x y l i c   a c i d .   The  g l y c o l s   may  c o n t a i n  m o r e  

t h a n   two  c a r b o n s   a t o m s   in  t he   c h a i n ,   e . g . ,   d i e t h y l e n e  

g l y c o l ,   b u t y l e n e   g l y c o l ,   d e c a m e t h y l e n e   g l y c o l ,   and  b i s -  

( l , 4 - ( h y d o r x y m e t h y l ) - c y c l o h e x a n e .   E x a m p l e s   of  l i n e a r  

t e r e p h t h a l a t e   p o l y e s t e r s   w h i c h   may  be  e m p l o y e d   i n c l u d e  

( p o l y ( e t h y l e n e   t e r e p h t h a l a t e ) ,   p o l y ( e t h y l e n e   t e r e p h t h a -  

l a t e / 5 - c h l o r o i s o p h t h a l a t e )   ( 8 5 / 1 5 ) ,   p o l y ( e t h y l e n e   t e r e -  

p h t h a l a t e / 5 - [ s o d i u m   s u l f o ] - i s o p h t h a l a t e )   ( 9 7 / 3 ) ,   p o l y  

( c y c l o h e x a n e - l , 4 - d i m e t h y l e n e   t e r e p h t h a l a t e ) ,   and  p o l y  

( c y c l o h e x a n e - l , 4 - d i m e t h y l e n e   t e r e p h t h a l a t e / h e x a h y d r o -  

t e r e p h t h a l a t e ) ( 7 5 / 2 5 ) .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e _ i s   a  s c h e m a t i c   f r o n t   v i ew   of  t he   a p p a r -  

a t u s   .used   f o r   t he   m e t h o d   o f  t h i s   i n v e n t i o n ,   and  F i g u r e  

2  is  a  s c h e m a t i c   of  the   draw  p a n e l   d e s i g n a t e d   by  t h e  

n u m e r a l   21  in  F i g u r e   1 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

I t   has   now  been   f o u n d   t h a t   r e d u c e d   s h r i n k a g e  



i n d u s t r i a l   f i b e r   can  be  m e l t - s p u n   c o n t i n u o u s l y   f rom  a  

p o l y e s t e r   p o l y m e r ,   e . g . ,   p o l y e t h y l e n e   ' t e r e p h t h a l a t e ,  

and  t h a t   t h i s   f i b e r   can  be  c o n t i n u o u s l y   d r a w n   w i t h o u t  

t h e   i n t e r m e d i a t e   s t e p   of  w i n d i n g   up.   T h e s e   r e s u l t s   a r e  

a c h i e v e d   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   by  i n c r e a s i n g  

t h e   s t e a m   d r a w i n g   t e m p e r a t u r e   to   e n h a n c e   c r y s t a l l i n e  

d e v e l o p m e n t ,   t h e r e b y   e n a b l i n g   e c o n o m i c   o n e - s t e p  

( c o u p l e d )   p r o d u c t i o n   of  f i b e r s   w i t h   i m p r o v e d   d i m e n s i o n a l  

s t a b i l i t y   ( t h e   sum  of  %  U.E.   +  %  T . S . )   and  h i g h e r  

s t r e n g t h   ( U . T . S . ) .   By  " o n e - s t e p   p r o d u c t i o n "   is   m e a n t  

t h a t   t h e r e   is   no  w i n d i n g   up  s t e p   b e t w e e n   t he   m e l t  

s p i n n i n g   and  d r a w i n g   s t e p s ,   and  t h e r e   is  no  n e e d   f o r   a  

s e p a r a t e   o p e r a t i o n   or  s t e p   s u c h   as  a n n e a l i n g ,   c a r r i e d  

o u t   s u b s e q u e n t   to   t h e   s i m u l t a n e o u s   s p i n - d r a w i n g   p r o c e s s .  

R e f e r r i n g   to  F i g u r e s   1  and  2,  l i k e   n u m b e r s  .  

i n d i c a t e   l i k e   a p p a r a t u s .   M o l t e n   p o l y m e r   is  fed   by  . 
e x t r u d e r   11  to  s p i n   pump  12  w h i c h   f e e d s   s p i n   b l o c k   1 3  

c o n t a i n i n g   a  c o n v e n t i o n a l   s p i n   p o t ,   now  shown  i n c l u d i n g  

a  s p i n n e r e t t e   and  a  s p i n n i n g   f i l t e r   d i s p o s e d   b e t w e e n   t h e  

s p i n   pump  and  s p i n n e r e t t e .   The  s p i n n e r e t t e   may  b e  

d e s i g n e d   f o r   t h e   e x t r u s i o n   of  one  o r - m o r e   e n d s   of  f i l a -  

m e n t s .   F i g u r e   1  i l l u s t r a t e s   t he   s i m u l t a n e o u s   e x t r u s i o n  

of   two  e n d s   14  and  15  of  m u l t i f i l a m e n t ,   c o n t i n u o u s   f i l a -  

m e n t   y a r n   f r o m   one  s p i n n e r e t t e .   Ends  14  and  15  a r e   e x -   . 
t r u d e d   f r o m   t h e   s p i n n e r e t t e   a t   a  r a t e   of  35  to   75  p o u n d s  

(15  to  34  kg)  p e r   h o u r   pe r   e n d ,   and  a r e   p a s s e d   d o w n -  

w a r d l y   f rom  t h e   s p i n n e r e t t e   i n t o   a  s u b s t a n t i a l l y  

s t a t i o n a r y   c o l u m n   of  a i r   c o n t a i n e d   in  a  h e a t e d   s l e e v e   1 6  

of   c o n v e n t i o n a l   h e i g h t ,   mos t   p r e f e r a b l y   a b o u t   15  i n c h e s  

( 3 8 . 1   cm) .   The  e x t r u s i o n   r a t e ,   of   c o u r s e ,   w i l l   d i f f e r  

d e p e n d i n g   on  t h e   d e n i e r   and  n u m b e r   of  e n d s   of  y a r n   b e i n g  

e x t r u d e d .   For   i n s t a n c e ,   a  s i n g l e   c o n t i n u o u s   end  o f  

1000  d e n i e r   w o u l d   be  e x t r u d e d   f rom  the   s p i n n e r e t t e   a t   a  

r a t e   of  a b o u t   35  to   50  p o u n d s  ( 1 5   to  23  kg)  p e r   h o u r ,  

m o s t   p r e f e r a b l y   40  p o u n d s   (18  kg)  p e r   h o u r ,   w h i t e   t h r e e  

c o n t i n u o u s   e n d s   wou ld   be  e x t r u d e d   f rom  t he   s p i n n e r e t t e  

a t   a  r a t e  o f   a b o u t   90  to  150  p o u n d s   (40  to   68  kg)  p e r  
h o u r ,   m o s t   p r e f e r a b l y   a t   a  r a t e   of  120  p o u n d s   (55  k g )  



p e r   h o u r .  Y a r n   l e a v i n g   h e a t e d   s l e e v e   16  is   p a s s e d  

d i r e c t l y   i n t o   t h e   t o p   of   t h e   q u e n c h   c h a m b e r   of  c o n v e n -  

t i o n a l   q u e n c h i n g   a p p a r a t u s   17.   The  q u e n c h   c h a m b e r   i s   a n  

e l o n g a t e d   c h i m n e y   of  c o n v e n t i o n a l   l e n g t h ,   p r e f e r a b l y  

f rom  60  to   80  i n c h e s   ( 1 . 5   to   2 .0   m).  Ends   14  and  15  o f  

y a r n   a r e   l u b r i c a t e d   by  f i n i s h   a p p l i c a t o r   18  and  t h e n   t h e  

e n d s   a r e   s e p a r a t e d   and  t h e   f i l a m e n t s   in  each   e n d  

c o n v e r g e d   by  g u i d e s   19.  A  c o n v e n t i o n a l   s p i n n i n g   f i n i s h  

c o m p o s i t i o n   is  u s e d   to  l u b r i c a t e   t h e   f i l a m e n t s .   F i n i s h  

a p p l i c a t o r   18  i s   d e p i c t e d   as  a  l u b e   r o l l   w h i c h   may  b e  

r o t a t e d   e i t h e r   w i t h   or  a g a i n s t   t he   d i r e c t i o n   of  t he   y a r n  

m o v e m e n t ;   i t   i s   p r e f e r r e d   t h a t   the   l u b e   r o l l   r o t a t e   w i t h  

t h e   d i r e c t i o n   of   y a r n   m o v e m e n t .   R o t a t i o n   of  t he   l u b e  

r o l l   is   a t   a  r a t e   of  a b o u t   1 . 5   to  5  r e v o l u t i o n s   p e r  

m i n u t e ,   t y p i c a l l y   3 .1   r e v o l u t i o n s   p e r   m i n u t e ,   f o r   a  l u b e  

r o l l   h a v i n g   a  d i a m e t e r   of  a b o u t   3  to  8  i n c h e s   ( 7 . 6 2   t o  

2 0 . 3   c m ) ,   t y p i c a l l y   6  i n c h e s   ( 1 5 . 2   cm).   I t   is   p r e f e r r e d  

t h a t   t h e   f i l a m e n t s   be  c o a t e d   w i t h   f rom  a b o u t   0 . 2   t o  

a b o u t   1 . 0   w e i g h t   p e r c e n t   b a s e d   o n .  t h e   w e i g h t   of  t he   y a r n  

of  t h e   f i n i s h ;   m o s t   p r e f e r a b l y   0 .5   p e r c e n t .   Ends   14  a n d  

15  a r e   t h e n . t r a n s p o r t e d   v i a   i n t e r f l o o r   t u b e   a n d  

a s p i r a t o r   20  to  s p i n   d raw  p a n e l   21  ( s e e   F i g u r e   2)  w h e r e  

t h e y   a r e   fed   to  w r a p   a r o u n d   p r e t e n s i o n   r o l l   23  a n d  

a c c o m p a n y i n g   s e p a r a t o r   r o l l   23a  and  t h e n   f e e d   r o l l   24  

and  a c c o m p a n y i n g   s e p a r a t o r   r o l l   24a .   From  f e e d   r o l l   2 4 ,  

t h e   e n d s   a r e   t h e n   p a s s e d   t h r o u g h   c o n v e n t i o n a l   s t e a m  

i m p i n g i n g   draw  p o i n g   l o c a l i z i n g   j e t   25,   s u p p l y i n g   s t e a m  

a t   a  t e m p e r a t u r e   of  a b o u t   4 6 0 ° C .   to  5 8 0 ° C . ,   and  a t   a  

p r e s s u r e   of  a b o u t   75  to  125  p s i g   (600   to  960  k P a  

a b s o l u t e ) ,   and  then .   to  a  p a i r   of  d raw  r o l l s   26  and  2 6 a .  

The  e n d s   p a s s   f rom  draw  r o l l s   26  and  26a  to  r e l a x   r o l l  

27  and  a c c o m p a n y i n g   s e p a r a t o r   r o l l   27a .   The  y a r n   e n d s  

t h e n   p a s s   t h r o u g h   a  c o n v e n t i o n a l   a i r   o p e r a t e d   i n t e r -  

l a c i n g   j e t   28  and  a re   t a k e n   up  by  w i n d e r   2 2 .  

Wi th   r e s p e c t   to  t he   t e m p e r a t u r e s   a t   w h i c h   d r a w  

r o l l s   26  and  26a  a r e   m a i n t a i n e d ,   t he   u l t i m a t e   o b j e c t i v e  

is   to   o b t a i n   a  y a r n   t e m p e r a t u r e   of  a b o u t   190°C .   t o  

2 2 0 ° C .   f o r   a  g i v e n   y a r n   r e s i d e n c e   t i m e   of  a b o u t  0 . 2 5   t o  



0 . 5   s e c o n d ,   m o s t   p r e f e r a b l y   a b o u t   0 . 4   s e c o n d .   I t   i s  

b e l i e v e d   t h a t   t h e   b e s t   mode  of  a c h i e v i n g   t h i s   o b j e c t i v e  

i s   by  m a i n t a i n i n g   b o t h   of  d raw  r o l l s   26  and  26a  a t   a  

t e m p e r a t u r e   of   a b o u t   2 2 5 ° C .   to  2 3 0 ° C .   T h i s ,   h o w e v e r ,  

s h o u l d   n o t   be  c o n s t r u e d   as  d i s c o u n t i n g   o t h e r   a c c e p t a b l e  

draw  r o l l   t e m p e r a t u r e s   s u c h   as  d u a l   r o l l s   a t   a  t e m p e r a -  

t u r e   of  a b o u t   1 9 0 ° C .   to   215C.   o r   a  s i n g l e   r o l l ,   p r e f e r -  

a b l y   r o l l   2 6 a ,   a t   a b o u t   225°C  to  2 3 0 ° C .   In  any  e v e n t ,  

i t   h a s   b e e n   f o u n d   t h a t   a t   d raw  r o l l   t e m p e r a t u r e s   o f  

g r e a t e r   t h a n   2 3 7 ° C .   t he   y a r n   s t a r t s   s t i c k i n g   to  t h e  

r o l l s ,   and  a t   d r a w   r o l l   t e m p e r a t u r e s   o f   l e s s   t h a n  

1 9 0 ° C . ,   t h e r e   is   an  u n d e s i r a b l e   i n c r e a s e   in  %  U . E .   +% 

T . S .  

R e l a x   r o l l   27  i s   m a i n t a i n e d   a t   the   m i n i m u m  

t e m p e r a t u r e   n e c e s s a r y   to  m a i n t a i n   t e m p e r a t u r e   e q u i l i b -  

r i u m   d u r i n g   p r o c e s s i n g ,   p r e f e r a b l y   60°C .   to  1 2 0 ° C .  

In  o r d e r   to  d e m o n s t r a t e   t h e   i n v e n t i o n ,   t h e  

f o l l o w i n g   e x a m p l e s   a r e   g i v e n .   They   a r e   p r o v i d e d   f o r  

i l l u s t r a t i v e   p u r p o s e s   o n l y   and  a r e   n o t   to  be  c o n s t r u e d  

as  l i m i t i n g   t h e   s c o p e   of  t he   i n v e n t i o n ,   w h i c h   is   d e f i n e d  

by  t h e   a m e n d e d   c l a i m s .   In  t h e s e   e x a m p l e s   p a r t s   a n d  

p e r c e n t a g e s   a r e   by  w e i g h t   u n l e s s   o t h e r w i s e   i n d i c a t e d .  

EXAMPLE  1 

A  m e l t   of  p o l y e t h y l e n e   t e r e p h t h a l a t e   h a v i n g   a n  

i n t r i n s i c   v i s c o s i t y   o  a b o u t   0 . 8 7  t o   0 . 9 6   was  s u p p l i e d   a t  

a  r a t e   of  3 7 . 5   p o u n d s   (17  kg)  p e r   h o u r   p e r   end  and  a t   a  

t e m p e r a t u r e   of  a b o u t   3 0 0 ° C .   to  the   a p p a r a t u s   shown  i n  

F i g u r e s   1  a n d   2 . '   The  m o l t e n   p o l y m e r   was  fed   by  e x t r u d e r  

11  to   s p i n   pump  12  w h i c h   f ed   s p i n   b l o c k   13  c o n t a i n i n g   a  

c o n v e n t i o n a l   s p i n   p o t   as  shown  in  F i g u r e   1  of  U . S .  

P a t e n t   4 , 0 7 2 , 4 5 7   to   C o o k s e y   e t   a l . ,   h e r e b y   i n c o r p o r a t e d  

by  r e f e r e n c e .   The  p r e s s u r e   d r o p   t h r o u g h   the   f i l t e r  

a s s e m b l y   of  t h e   s p i n   p o t   a v e r a g e d   200  to  400  a t m o s p h e r e s  

( 2 0 , 0 0 0   to  4 0 , 0 0 0   kPa  a b s o l u t e ) .   A  s p l i t   s p i n n e r e t t e  

d e s i g n e d   f o r   t h e   s i m u l t a n e o u s   e x t r u s i o n   of  two  m u l t i -  

f i l a m e n t   e n d s   of  192  f i l a m e n t s   e a c h   was  u t i l i z e d ,   t h e  

s p i n n e r e t t e   o r i f i c e s   h a v i n g   a  d i a m e t e r   of  a b o u t   0 . 0 2 1  

i n c h   ( 0 . 0 5   cm)  and  b e i n g   s p a c e d   so  t h a t   the   d i s t a n c e  



b e t w e e n   t h e  f i l a m e n t s   f o r m e d   p e r   end  was  a b o u t   0 . 2 8   t o  

0 . 4 0   i n c h   0 . 7 1   to   1 :0   cm)  i m m e d i a t e l y   b e l o w   t h e  

s p i n n e r e t t e .  
The  two  e n d s   14  and  15  of  m u l t i f i l a m e n t ,   c o n -  

t i n u o u s   f i l a m e n t   y a r n   p a s s e d   d o w n w a r d l y   f rom  t h e   s p i n -  

n e r e t t e   i n t o   a  s u b s t a n t i a l l y   s t a t i o n a r y   c o l u m n   of  a i r  

c o n t a i n e d   in  a  h e a t e d   s l e e v e   16,  a b o u t   15  i n c h e s  

( 3 8 : 1   cm)  in  h e i g h t ,   t he   t e m p e r a t u r e   of  t he   s l e e v e  

i t s e l f   b e i n g   m a i n t a i n e d   a t   a b o u t   4 0 0 ° C .   Ya rn   l e a v i n g  

h e a t e d   s l e e v e   16  was  p a s s e d   d i r e c t l y   i n t o   the   t o p   of  t h e  

q u e n c h   c h a m b e r   of   q u e n c h i n g   a p p a r a t u s   17.  Q u e n c h i n g  

a p p a r a t u s   17  was  as  shown  in  F i g u r e   lC  of  U .S .   P a t e n t  

3 , 9 9 9 , 9 1 0   to   P e n d l e b u r y   e t   a l . ,   h e r e b y   i n c o r p o r a t e d   b y  

r e f e r e n c e .   Q u e n c h i n g   a i r   a t   a b o u t   6 5 ° F .   ( a b o u t   1 8 . 3 3 C . )  

and  60  p e r c e n t   r e l a t i v e   h u m i d i t y   was  s u p p l i e d   a t   a b o u t  

400  SCFM  ( 1 . 9   M 3 / s e c . )   to  c r o s s   f l o w   q u e n c h   the   f i l a -  

m e n t s   a s  t h e y   d e s c e n d e d   t h r o u g h   the   q u e n c h   c h a m b e r ,  

w h i c h   had  a  l e n g t h   o f   a b o u t   68 .5   i n c h e s   ( 1 . 7   m . ) .  T h e  

e n d s   14  and  15  of   y a r n   we re   l u b r i c a t e d   by  f i n i s h  

a p p l i c a t o r   18  and  t h e n   s e p a r a t e d   and  c o n v e r g e d   by  g u i d e s  

19.   The  s p i n   f i n i s h   a p p l i e d   c o n s i s t e d   of  15  p a r t s   of  a  

s t e a r i c   a c i d   e s t e r   of  a  m i x t u r e   of  s e c o n d a r y   a l c o h o l s  

h a v i n g   t he   g e n e r a l   s t r u c t u r e  

w h e r e   n  is  5  to   6,  15  p a r t s   r e f i n e d   c o c o n u t   o i l ,   13  

p a r t s   of  e t h o x y l a t e d   l a u r y l   a l c o h o l ,   2  p a r t s   of  d i n o n y l -  

s o d i u m - s u l f o s u c c i n a t e ,   5  p a r t s   e t h o x y l a t e d   t a l l o w   a m i n e ,  

10  p a r t s   of  s o d i u m   s a l t  o f   a l k y l a r y l s u l f o n a t e ,   and  4 0  

p a r t s   m i n e r a l   o i l   h a v i n g   a  b o i l i n g   r a n g e   b e t w e e n   5 1 0 ° F .  

and  6 2 0 ° F .   ( a b o u t   2 6 6 ° C .   and  3 2 7 ° C . )   ( s e e   U .S .   P a t e n t s  

4 , 1 0 3 , 0 6 8   and  4 , 1 0 5 , 5 6 8   to  M a r s h a l l   e t   a l . ,   h e r e b y  

i n c o r p o r a t e d   by  r e f e r e n c e ) .   About   0 .5   w e i g h t   p e r c e n t  
of  t he   f i n i s h   c o m p o s i t i o n   was  a p p l i e d   to  the   y a r n   b a s e d  

on  t he   w e i g h t   of  t he   y a r n .   The  e n d s   were   t h e n   t r a n s -  



p o r t e d   v i a   i n t e r f l o o r   t u b e   and  a s p i r a t o r   20  to  t h e   s p i n  

d raw  p a n e l   21  w h e r e   t h e y   we re   f ed   to  w r a p   a r o u n d   a  p r e -  
t e n s i o n   r o l l   23  and  a c c o m p a n y i n g   s e p a r a t o r   r o l l   23a  a n d  

t h e n   to   f e e d   r o l l   24  and  a c c o m p a n y i n g   s e p a r a t o r   r o l l   2 4 a  

r o t a t i n g   a t   a  s p e e d   o f  a b o u t   456  m e t e r s   p e r   m i n u t e .  

B o t h   s e t s   of  r o l l s   we re   a t   a  t e m p e r a t u r e   of   l e s s   t h a n  

5 0 ° C . ,   and   t h e   t e n s i o n   b e t w e e n   p r e t e n s i o n   23  and  f e e d  

24  r o l l s   was  a b o u t   0 . 0 3   g ram  p e r   d e n i e r .   From  f e e d   r o l l  

24,   t h e   e n d s   were   t h e n   p a s s e d   t h r o u g h   c o n v e n t i o n a l   s t e a m  

i m p i n g i n g   d raw  p o i n t   l o c a l i z i n g   j e t   25 ,   s u p p l y i n g   s t e a m  

a t   a  t e m p e r a t u r e   of  2 9 0 ° C .   and  a t   a  p r e s s u r e   of  1 0 0  

p s i g .   (790  kPa  a b s o l u t e )   and  t h e n   to  a  p a i r   of  d r a w  

r o l l s   26  and  2 6 a ,   r o t a t i n g   a t   2 , 6 4 5   m e t e r s   p e r   m i n u t e .  

Draw  r o l l   2 6 a ' w a s   m a i n t a i n e d   a t   a b o u t   130°C   to  1 4 0 ° C .  

The  d r a w   r a t i o   was  a b o u t   5 . 8 0   to   1.  Y a r n   t e n s i o n   w a s  

m a i n t a i n e d   a t   a b o u t   0 .4   g ram  p e r   d e n i e r   as  the   e n d s  

p a s s e d   f r o m   draw  r o l l   26  to  r e l a x   r o l l   27  and  a c c o m p a n y -  

ing  s e p a r a t o r   r o l l   2 7 a ,   t he   r e l a x   r o l l   27  b e i n g   h e a t e d  

to  1 4 0 ° C .   and  r o t a t i n g   a t   2 , 5 9 2   m e t e r s   p e r   m i n u t e .   T h e  

y a r n   e n d s   t h e n   p a s s e d   t h r o u g h   a  c o n v e n t i o n a l   a i r  

o p e r a t e d   i n t e r l a c i n g  j e t   28  and  we re   t a k e n   up  by  a  

w i n d e r   22  a t   a  t e n s i o n   of  f rom  a b o u t   0 . 1 0   to  0 . 1 3   g r a m  

p e r   d e n i e r .   T a b l e   I  b e l o w   s e t s   f o r t h   t he   p h y s i c a l  

p r o p e r t i e s   and  q u a l i t y   of  t he   y a r n   so  p r o d u c e d .  

EXAMPLES  2 - 8  

Y a r n   was  p r o d u c e d   in  a c c o r d a n c e   w i t h   t h e   p r o -  

c e s s   of  E x a m p l e   1,  v a r y i n g   o n l y   the   t e m p e r a t u r e   o f  

s t e a m   in  t h e   draw  p o i n t   l o c a l i z i n g   j e t   25  f o r   e a c h   o f  

E x a m p l e s   2 - 8 .   P h y s i c a l   p r o p e r t i e s   and  q u a l i t y   of  t h e  

y a r n   so  p r o d u c e d   a r e   s e t   f o r t h   in  T a b l e   I .  



W i t h   r e f e r e n c e   to  T a b l e   I ,   i t   can  be  s e e n   t h a t  

i n c r e a s e d   d raw  p o i n t   l o c a l i z i n g   j e t   s t e a m   t e m p e r a t u r e s  

r e s u l t e d   in  r e d u c e d   y a r n   t h e r m a l   s h r i n k a g e   and  i m p r o v e d  

y a r n   d i m e n s i o n a l   s t a b i l i t y   w i t h   no  a d v e r s e   y a r n   p r o p e r t y  

c h a n g e s ,   s u c h   as  l o w e r e d   s t r e n g t h   or  i n c r e a s e   e l o n g a -  

t i o n .   T h i s   is   u n e x p e c t e d ,   as  a  r e d u c t i o n   in  p o l y e s t e r  

y a r n   t h e r m a l   s h r i n k a g e   a c c o r d i n g   to  o t h e r   p r o c e s s e s  

n o r m a l l y   can  be  a c h i e v e d   o n l y   by  s a c r i f i c i n g   s t r e n g t h  

o r   m e c h a n i c a l   q u a l i t y ,   by  i n c r e a s i n g   the   u l t i m a t e   e l o n -  

a t i o n   or  e l o n g a t i o n   a t   b r e a k ,   or   by  t h e   e x p e n s i v e  

a l t e r n a t i v e   of  a  s e p a r a t e   o p e r a t i o n   f o l l o w i n g   d r a w i n g ,  

s u c h - a s   a n n e a l i n g .  

F u r t h e r ,   the   290°C.   t e m p e r a t u r e   of  E x a m p l e   1 

w a s   s e t   as  t he   l o w e r   l i m i t   f o r   e v a l u a t i o n   as  the   y a r n  

k e p t   b r e a k i n g   o u t   and  c o u l d   no t   be  s t r u n g   up  a t   d r a w  



p o i n t   l o c a l i z i n g   s t e a m   t e m p e r a t u r e s   b e l o w   2 9 0 ° C .   I t   c a n  

be  s e e n   t h a t   %  U.E.   +  %  T . S .   d r o p p e d   a t   e v e r y   draw  p o i n t  

l o c a l i z i n g   s t e a m   t e m p e r a t u r e   i n c r e a s e ;   t h e r e   a p p e a r s   t o  

be  a p p r o x i m a t e l y   an  i n v e r s e   s t r a i g h t   l i n e   r e l a t i o n s h i p  

s u c h  t h a t   e a c h   1 0 ° C .   r i s e   in  d r a w   p o i n t  l o c a l i z i n g   s t e a m  

t e m p e r a t u r e   r e s u l t s   in  a b o u t   an  0 . 1 8   to  0 . 2 0   p e r c e n t  

r e d u c t i o n  i n   %  U.E.   +  %  T . S .   T h e  %   T . S .   i s   c l e a r l y  

r e d u c e d   a t   e a c h   i n c r e a s e   in  d raw  p o i n t   l o c a l i z i n g   s t e a m  

t e m p e r a t u r e   and  shows  an  i n v e r s e   s t r a i g h t   l i n e   r e l a t i o n -  

s h i p   w i t h   d r a w   p o i n t   l o c a l i z i n g   s t e a m   t e m p e r a t u r e  

b e t w e e n   3 6 0 ° C .   and  5 2 0 ° C .   w h e r e   e a c h   10°C.   r i s e   in  d r a w  

p o i n t   l o c a l i z i n g   s t e a m   t e m p e r a t u r e   c a u s e s   a  0 . 2 3   p e r c e n t  

r e d u c t i o n   in  %  T . S .  

As  draw  p o i n t   l o c a l i z i n g   s t e a m   t e m p e r a t u r e   w a s  

i n c r e a s e d ,   d e n i e r   was  s l o w l y   r e d u c e d ,   w h i c h   i n d i c a t e s  

t h a t   l e s s   r e l a x i n g   and  s h r i n k a g e   was  o c c u r r i n g   on  t h e  

r e l a x   r o l l s .   T h i s   w o u l d   n o r m a l l y   be  e x p e c t e d   t o  

i n c r e a s e   %  T . S . ;   h o w e v e r ,   %  T . S .   was  d e c r e a s e d ,   p o s s i b l y  

i n d i c a t i n g   t h a t   the   y a r n   was  p a r t i a l l y   a n n e a l e d   a t   t h e s e  

h i g h   t e m e r a t u r e s   or  t h e   c r y s t a l l i n i t y   was  i n c r e a s e d .  

EXAMPLE  9 

Y a r n   was  p r o d u c e d   in  a c c o r d a n c e   w i t h   t he   p r o -  

c e s s   of  E x a m p l e   1  w i t h   the   f o l l o w i n g   v a r i a t i o n s .   T h e  

m e l t   was  s u p p l i e d   a t   a  t e m p e r a t u r e   of  a b o u t   2 8 2 ° C .  

H e a t e d   s l e e v e   16  was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   o f  

a b o u t   3 0 0 ° C .   Draw  p o i n t   l o c a l i z i n g   j e t   25  was  s u p p l i e d  

w i t h   s t e a m   a t   a  t e m p e r a t u r e   of  a b o u t   5 5 0 ° C .   and  a t   a  

p r e s s u r e   of  110  p s i g   (860  kPa  a b s o l u t e ) .   Draw  r o l l   2 6 a  

was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t   2 3 0 ° C . ,   a n d  

r e l a x   r o l l   27  was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t  

1 2 0 ° C .   The  t e n s i o n   b e t w e e n   p r e t e n s i o n   23  and  f e e d   2 4  

r o l l s   was  i n c r e a s e d   to  500  g r a m s   ( 0 . 0 8   gram  p e r   d e n i e r ) .  

Y a r n   t e n s i o n   was  i n c r e a s e d   to  a b o u t   1 .0   g ram  p e r   d e n i e r  

as  t h e   e n d s   p a s s e d   to  r e l a x   r o l l   27 ,   and  w i n d e r   2 2  t e n -  

s i o n   was  i n c r e a s e d   to  a b o u t   0 . 2   g ram  p e r   d e n i e r .   " T h e  

d r a w   r a t i o   was  a p p r o x i m a t e l y   5 . 9 .   T a b l e   I I   b e l o w   s e t s  

f o r t h   the   p h y s i c a l   p r o p e r t i e s   and  q u a l i t y   of  the   y a r n  

so  p r o d u c e d .  



W i t h   r e f e r e n c e   to  E x a m p l e s   8  and  9,  i t   can  b e  

s e e n   t h a t   w h e r e a s   i n c r e a s e d   d raw  p o i n t   l o c a l i z i n g   s t e a m  

t e m p e r a t u r e s   r e d u c e s   % U.E .   +  %  T . S .  p r i m a r i l y   t h r o u g h  

a %  T . S .   r e d u c t i o n ,   t h e   o t h e r   p a r a m e t e r s   ( v a r i a t i o n s   o f  

E x a m p l e   9)  r e d u c e  %   U .E .   +  %  T . S .   p r i n c i p a l l y   by  r e d u c -  

i n g   %  U .E . .  

EXAMPLE  1 0  

Yarn   was  p r o d u c e d   in  a c c o r d a n c e   w i t h   the   p r o -  

c e s s   of  E x a m p l e   1  w i t h   the   f o l l o w i n g   v a r i a t i o n s .   T h e  

m e l t   had  an  i n t r i n s i c   v i s c o s i t y   of  a b o u t   0 . 6 8   to  0 . 7 8  

a n d   was  s u p p l i e d   a t   a  t e m p e r a t u r e   of  a b o u t   283°C .   D r a w  

p o i n t   l o c a l i z i n g   j e t   25  s u p p l i e d   s t e a m   a t . a   t e m p e r a t u r e  

of  a b o u t   4 2 5 ° C .   to   4 3 0 ° C .   T a b l e   I I I   b e l o w   s e t s   f o r t h  

t h e   p h y s i c a l   p r o p e r t i e s   of  y a r n   so  p r o d u c e d .  

EXAMPLE  1 1  

Yarn   was  p r o d u c e d   in  a c c o r d a n c e   w i t h   the   p r o -  
c e s s   of  E x a m p l e   1  w i t h   the   f o l l o w i n g   v a r i a t i o n s .   T h e  

m e l t   had  an  i n t r i n s i c   v i s c o s i t y   of  a b o u t   0 . 6 8   to  0 . 7 8  

and  was  s u p p l i e d   a t   a  t e m p e r a t u r e   of  a b o u t   2 7 5 ° C .  

H e a t e d   s l e e v e   16  was  m a i n t a i n e d   a t   a  t e m p e r a t u r e   o f  

a b o u t   2 5 0 ° C .   Draw  p o i n t   l o c a l i z i n g   j e t   25  was  s u p p l i e d  

w i t h   s t e a m   a t   a  t e m p e r a t u r e   of  a b o u t   5 5 0 ° C .   and  a t   a  

p r e s s u r e   of  110  p s i g   (860  k P a ,   a b s o l u t e ) .   The  d r a w  

r a t i o   was  6 .2   to  1.  Draw  r o l l   26a  was  m a i n t a i n e d   a t   a  

t e m p e r a t u r e   of  a b o u t   2 2 5 ° C .   to  230°C.   R e l a x   r o l l   27  w a s  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t   1 1 5 ° C .   w h i l e   y a r n  
t e n s i o n   to  r e l a x   r o l l   27  was  m a i n t a i n e d   a t   a b o u t   0 .9   t o  

1 . 0   gram  p e r   d e n i e r .   Yarn   e n d s  w e r e   t a k e n   up  by  w i n d e r  

22  a t   a  t e n s i o n   of  f rom  a b o u t   0 . 0 6   to  0 . 6   g ram  p e r  

d e n i e r ,   t y p i c a l l y   0 .2   gram  p e r   d e n i e r .   T a b l e   I I I   b e l o w  

s e t s   f o r t h   the   p h y s i c a l   p r o p e r t i e s   of  t he   y a r n   s o  

p r o d u c e d .  



EXAMPLE  1 2  

Y a r n   was  p r o d u c e d   in  a c c o r d a n c e   w i t h   t he   p r o -  

c e s s   of  E x a m p l e   11,   e x c e p t   t h a t   t h e   t e m p e r a t u r e   of  s t e a m  

in   t h e   d raw  p o i n t   l o c a l i z i n g   j e t   25  was  5 8 0 ° C .   P h y s i c a l  

p r o p e r t i e s   of  t he   y a r n   so  p r o d u c e d   a r e   s e t   f o r t h   i n  

T a b l e   I I I   b e l o w .  

N o t e ,   in  o r d e r   to   o p t i m i z e   p r o c e s s   p e r f o r m a n c e  

and  p r o d u c t   q u a l i t y ,   t h e   d raw  p o i n t   l o c a l i z i n g   j e t   s t e a m  .  

p r e s s u r e   was  r e d u c e d   to  100  p s i g   (790  kPa  a b s o l u t e )   a t .  

5 8 0 ° C .   Above   5 8 0 ° C . ,   y a r n   q u a l i t y   and  p r o c e s s   p e r f o r m -  

a n c e   w e r e   u n a c c e p t a b l e .  

A  h i g h   s t r e n g t h   d i m e n s i o n a l l y   s t a b l e   p r o d u c t  

i s   p r o d u c e d   a c c o r d i n g   to  E x a m p l e   11.   A  m a j o r   a d v a n t a g e  

o f   t h i s   p r o c e s s   is  t h e   a b i l i t y   to  p r o d u c e   s u c h   a  p r o d u c t  

f r o m   l o w e r   i n t r i n s i c   v i s c o s i t y   p o l y m e r   w h i c h   i s   c h e a p e r  

to   p r o d u c e   as  i t   r e q u i r e s   l e s s   e n e r g y   t h a n   h i g h   i n t r i n -  

s i c   v i s c o s i t y   p o l y m e r ,   g i v e s   i n c r e a s e d   c a p a c i t y   f rom  t h e  

same  e q u i p m e n t ,   and  r e s u l t s   in  l o w e r   COOH,  d e s i r a b l e   f o r  

i m p r o v e d   t h e r m a l   s t a b i l i t y .  



1.  A  p r o c e s s   f o r   t he   s i m u l t a n e o u s   s p i n -  

d r a w i n g   of   one  or   more  e n d s   of  m u l t i f i l a m e n t ,   c o n t i n u o u s  

f i l a m e n t ,   s y n t h e t i c   p o l y e s t e r   i n d u s t r i a l   f i b e r ,   c o m -  

p r i s i n g   the   s t e p s   o f :  

(a)   s u p p l y i n g   a  m e l t   of  p o l y e s t e r   p o l y m e r   to  a  s p i n n i n g  

u n i t ;  

(b)  e x t r u d i n g   t h e   m e l t   t h r o u g h   a  s p i n n e r e t t e   h a v i n g   a  

p l u r a l i t y   of  e x t r u s i o n   o r i f i c e s   to  fo rm  f i l a m e n t s ;  

(c)  a d v a n c i n g   t h e   e x t r u d e d   f i l a m e n t s   t h r o u g h   a  s u b s t a n -  

t i a l l y   s t a t i o n a r y   c o l u m n   of  a i r   c o n t a i n e d   in  a  

h e a t e d   s l e e v e   h a v i n g   a  t e m p e r a t u r e   of  above   200°  t o  

4 . 5 0 ° C ;  

(d)  a d v a n c i n g  t h e   f i l a m e n t   t h r o u g h   a  q u e n c h i n g   z o n e ;  

(e)  l u b r i c a t i n g   t he   f i l a m e n t s ;  

( f )   p a s s i n g   the   l u b r i c a t e d   f i l a m e n t s   o v e r   a  f o r w a r d i n g  

r o l l   s y s t e m   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  l e s s  

t h a n   5 0 ° C . ;  

( g )   s u b s e q u e n t l y   p a s s i n g   t h e   f i l a m e n t s   t h r o u g h   a  s t e a m  

i m p i n g i n g   draw  p o i n t   l o c a l i z i n g   j e t   a t   a  s t e a m  

t e m p e r a t u r e   of  a b o u t   482°   to  5 8 0 ° C .   to  h e a t   t h e  

f i l a m e n t s   s u b s t a n t i a l l y   i m m e d i a t e l y   above   t h e i r  

s e c o n d   o r d e r   t r a n s i t i o n   t e m p e r a t u r e ;  

(h)  p a s s i n g   the   f i l a m e n t s   o v e r   a  p a i r   of  draw  r o l l s  

w h e r e i n   a t   l e a s t   one  of  t he   d raw  r o l l s   i s  m a i n t a i n -  

ed  a t   a  t e m p e r a t u r e   b e t w e e n   a b o u t   190°   and  2 3 7 ° C . ;  

( i )   p a s s i n g   t h e   f i l a m e n t s   o v e r   a  r e l a x   r o l l   s y s t e m  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t   60°  to  1 3 5 ° C . ,  

y a r n   t e n s i o n   to  the   r e l a x   r o l l   s y s t e m   b e i n g   m a i n -  

t a i n e d   a t   a b o u t   0 .4   to  2 . 0  g r a m s   p e r   d e n i e r ;   a n d  

( j )   w i n d i n g   up  the   f i l a m e n t s  a t  a   t e n s i o n   of  f rom  a b o u t  

0 . 0 6   to  0 .6   gram  p e r   d e n i e r .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n  t h e   mel.t  o f  

p o l y e s t e r   p o l y m e r   is  s u p p l i e d   a t   a  r a t e   of  a b o u t   3 5  t o  
75  p o u n d s   (15  to  34  kg)  p e r   h o u r   p e r   end  and  a t  a   t e m -  

p e r a t u r e   of  a b o u t   272°  to  3 1 0 ° C .  

3.  The  p r o c e s s   of  c l a i m   2  w h e r e i n   the   m e l t   o f  

p o l y e s t e r   p o l y m e r   has  an  i n t r i n s i c   v i s c o s i t y  o f   a b o u t  



0 . 6 8   to  0 . 9 6 .  

4.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   d u r i n g   t h e  

s t e p   of  a d v a n c i n g   the   e x t r u d e d   f i l a m e n t s   t h r o u g h   a  s u b -  

s t a n t i a l l y   s t a t i o n a r y   c o l u m n   of  a i r ,   the   h e a t e d   s l e e v e  

has   a  t e m p e r a t u r e   of  a b o u t   2 5 0 ° C .  

5.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   t he   s t e p  

of   p a s s i n g   t h e   f i l a m e n t s   t h r o u g h   a  s t e a m   i m p i n g i n g   d r a w  

p o i n g   l o c a l i z i n g   j e t   o c c u r s   a t   a  s t e a m   t e m p e r a t u r e   o f  

a b o u t   510°   to   5 8 0 ° C .  

6.  The  p r o c e s s   of  c l a i m   5  w h e r e i n   t he   s t e p  

of   p a s s i n g   t h e   f i l a m e n t s   t h r o u g h   a  s t e a m   i m p i n g i n g   d r a w  

p o i n t   l o c a l i z i n g   j e t   o c c u r s   a t   a  s t e a m   t e m p e r a t u r e   o f  

a b o u t   5 5 0 ° C .  

7.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   p o l y -  

e s t e r   is  p o l y e t h y l e n e   t e r e p h t h a l a t e .  

8.  The  p r o c e s s   of  c l a i m  1   w h e r e i n   d u r i n g   t h e  

s t e p   of  p a s s i n g   the  f i l a m e n t s   o v e r   a  p a i r   of   d raw  r o l l s ,  

b o t h   d raw  r o l l s   a r e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  f r o m  

a b o u t   190°   to   2 3 7 ° C .  

9.  The  p r o c e s s   of  c l a i m   8  w h e r e i n   b o t h   d r a w  

r o l l s   a r e   m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t   1900  t o  

2 3 0 ° C .  

10.   The  p r o c e s s   of  c l a i m   1  w h e r e i n   d u r i n g   t h e  

s t e p   of  p a s s i n g   the   f i l a m e n t s   o v e r   a  p a i r   of  d raw  r o l l s ,  

one   of  t he   d r aw  r o l l s   is  m a i n t a i n e d   a t   a  t e m p e r a t u r e   o f  

a b o u t   225°   to   230°C .   and  the   o t h e r   d raw  r o l l   is   n o t  

h e a t e d .  
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